WHAT'S KNOWN ON THIS SUBJECT: Childhood obesity is a public health concern. Although determinants of childhood overweight have been identified and their effect sizes have been calculated, prevention as well as treatment have had limited success.
Faced with the high prevalence of childhood overweight, there is need for prevention. 1, 2 Preventive measures should be based on a detailed analysis of determinants. 3 In children, parental overweight, social status, lifestyle, and early life events are known risks for overweight. [4] [5] [6] [7] [8] [9] By using linear or logistic regression analyses, genetic, lifestyle, and environmental factors altogether explained up to 30% of the variance in BMI. The unexplained variance has led some authors to speculate on missing and as yet unidentified determinants of childhood overweight. Alternatively, the statistical approach may camouflage the true effect size; thus, the population-based risks rather than the relative risks should be calculated. An attributable risk (AR) considers both the strength of the association between a determinant and the outcome as well as the exposure prevalence in the population. To illustrate this point, a risk factor may be strongly associated with overweight but may have a low prevalence in the population. In that case, the risk factor is less relevant compared with a risk factor of lower impact affecting a large proportion of the population. 10 ARs can also be used to estimate the effectiveness of specific interventions on population health. ARs of childhood overweight have been calculated in only a few studies. [10] [11] [12] [13] This may be partly because calculation of ARs for multiple risk factors is a complex issue and sophisticated methods to calculate the joint AR have been established only recently. 14, 15 Furthermore, methods of partitioning the joint AR to partial risks are still in progress and so far there is no standardization. [16] [17] [18] The Interdisciplinary Consortium on Obesity Prevention in Children and Adolescents (PreVENT) is part of the German Competence Network on Obesity. PreVENT aimed to create a portfolio of preventive measures against childhood overweight that is based on a systematic analysis of its determinants. These data are used to estimate the effectiveness of potential interventions and, thus, to provide a sound basis for future prevention of childhood overweight. 19 Here we calculate combined and partial ARs of overweight by using pooled data of 4 recent population-based cross-sectional studies on children and adolescents in Germany.
METHODS

Study Population
PreVENT aims to systematically analyze determinants of overweight in German children and adolescents as a basis of a scientifically sound portfolio of preventive measures. Data from 4 population-based studies conducted between 1996 and 2008 in Germany were pooled. In total, we included 34 240 children and adolescents aged 3 to 18 years. The German Health Interview and Examination Survey for Children and Adolescents (KiGGS) is a nationwide representative survey on 14 747 children and adolescents aged 3 to 17 years. Data of 11 143 4-to 17-year-old children and adolescents were from the Kiel Obesity Prevention Study (KOPS, Kiel, North Germany). The Children' s Health Interventional Trial (CHILT, Cologne, West Germany) provided data of 6406 3-to 18-year-old children and adolescents. Further data of 1944 3-to 10-year-old children were obtained from the German cohort of the Identification and prevention of Dietary-and lifestyleinduced health EFfects in Children and InfantS study (IDEFICS Wilhelmshaven and Delmenhorst, Northwest Germany). Details of the different studies have been published previously. 6, [20] [21] [22] [23] [24] [25] [26] All study protocols had been approved by the local ethics committees.
The PreVENT database was used to analyze determinants of overweight (see Statistics section). To calculate ARs, complete data sets were used and an appropriate subpopulation of 11 121 children and adolescents aged 3 to 18 years was generated. When compared with the total population, boys of the subpopulation were slightly younger and shorter with no differences in girls. When compared with the entire database, the prevalence of overweight, as well as BMI-SD score, was lower in the subpopulation (Table 1) .
Definition of Overweight
Height and weight were measured by using standard procedures. BMI-SD score was calculated according to the German reference. 27 Overweight was defined according the 90th German age-and gender-specific BMI reference percentiles. 27 For comparison, analyses were repeated by using the international cutoffs of overweight. 28 28 c Significant differences between the entire PreVENT database and the subpopulation (no intersections between the 95% CIs).
Determinants of Overweight
Potential determinants of overweight were assessed by using standardized questionnaires. Because slightly different instruments had been used in the different study centers, determinants to be analyzed were selected based on similar or comparable questions and categories. Otherwise, categories were collapsed to achieve comparability. The following determinants were considered.
Biological Factors
Maternal and paternal BMIs were calculated based on self-reported height and weight. Parents were classified as normal weight (BMI ,25), overweight (BMI $25-,30), or obese (BMI $30).
Social Factors
Parental education was determined by highest level attained by either parent and divided into 3 categories: low = #9 school years, middle = $10 to ,12 school years, high = $12 school years. Single parenthood (yes, no) as well as current smoking status of parents (at least 1 parent smokes, none smokes) were dichotomized.
Early Life Risks
Maternal smoking in pregnancy (yes, no) was dichotomized and weight gain during pregnancy was categorized into normal (#16 kg) and high (.16 kg), as proposed by the Institute of Medicine for normal-weight women. 29 Birth weight was adjusted for gestational age (weeks of pregnancy) and was classified into normal and high by using the German 90th gender-specific reference percentile. 27 Maturation at birth (premature infants = born before 37 weeks of pregnancy, full-term infants) as well as breastfeeding (ever, never) were dichotomized.
Lifestyle
Physical activity was dichotomized into structured and/or unstructured sports activities (yes, no). Self-reported media time was assessed for a typical weekday as hours per day spent in TV viewing and computer use; 3 categories were selected (,1 hour per day, $1-,3 hours per day, $3 hours per day). Sleep duration was categorized into short and long according to age-specific cutoffs. 30 Intake of fruits and vegetables was assessed by validated food frequency questionnaires and both variables were dichotomized (daily, not daily). Current smoking behavior of adolescents was dichotomized (yes, no).
Confounders
Pubertal stage was self-estimated on the basis of Tanner drawings and pictures. 31 Until age 9 years, pubertal stage was assumed to be prepubertal. Migration background was defined as follows: 1 or both parents were not born in Germany and/or had no German citizenship and/ or the German language was not spoken at home. In addition, age, gender, gestational age, and study were treated as confounders.
Statistics
The statistical analyses were performed with SPSS 15.0 for Windows (SPSS Inc, Chicago, IL) and R version 2.11.0 (http://www.r-project.org/). Descriptive results were presented as means and 95% confidence intervals (CIs). Significant differences between the entire PreVENT database and the subpopulation were marked if there were no intersections between the 95% CIs. Odds ratios (ORs) of potential determinants of overweight were calculated by multivariable logistic regression analysis. For the calculation of ARs, we generated a subpopulation with full information on all determinants. ORs were reanalyzed in that subpopulation. Data were adjusted for age, gender, pubertal stage, migration background, gestational age, and study. Joint and partial ARs were calculated for all considered determinants (model 1) as well as for the preventable determinants, that is, lifestyle and early life risks (adjusted for parental weight and social status; model 2).
The 95% CIs for the ARs were calculated with the bootstrapping method (1000 repetitions have been performed) by using the boot package for R. 32 The 2.5th and 97.5th percentile were used as the upper and lower confidence limits. The level of significance was set at P , .05 (2-sided).
The joint (adjusted) AR of a set E of dichotomized exposures is defined by
where P(D) is the prevalence of overweight and C 1 , …, C m are all possible combinations of the confounders. 14 E indicates that X = 0 holds for all exposures X 2 E. The formula yields the combined effect of all exposures included in E. More precisely, it can be used to determine the proportion of cases of overweight that can be prevented by eliminating all exposures in E. For estimating the combined effect of a subset T of E (eg, the preventable exposures), the joint attributable risk AR(T) must be adjusted not only for the confounders but also for the remaining exposures in E not included in the subset T. 14 For each exposure X in E, we calculated the share of the combined effect of eliminating all exposures in E that can be attributed to X. There are several concepts for partitioning the joint AR of a set of exposures. 17, 18 An important common property is the additivity; the sum of all shares equals the joint AR of the entire set E.
We concentrated on partial AR (PAR), which can be determined by the Shapley formula 14 : This gives the expected proportion of overweight that can be prevented by eliminating exposure X after a random subset of exposures in E\{X} has already been removed. For every subset T of E that does not include X, the joint AR(T [ {X}) and AR(T) have to be calculated.
RESULTS
The study population is characterized in Table 1 . By using German reference data and international cutoffs, the prevalence of overweight was 13.4% and 17.9%, respectively. By using German reference data, all determinants were significantly associated with overweight except for short sleep duration, low physical activity, fruit and vegetable consumption, and smoking ( The relative contribution of high media time was 20.9% (-3.7 percentage points), short sleep duration 2.3% (-0.4 percentage points), and early life risks reached 9.8% (-1.8 percentage points).
DISCUSSION
Our analyses showed that 77.7% of childhood overweight could be prevented if all determinants were tackled successfully; however, as neither prevention nor treatment can eliminate all determinants, this scenario is not realistic. Our data suggest that we have covered most of the risks of childhood overweight. Comparing partial ARs, parental overweight had the strongest effect, explaining more than half of the overall AR of childhood overweight (Table  3 ). Our present data were in line with the relative risks of childhood overweight given in previous studies. 5, 6, 33, 34 Lifestyle and early life determinants are preventable risks of childhood overweight. Early life risks can be influenced by the behavior of pregnant women and, thus, by weight gain during pregnancy. Pregnancy is a vulnerable period in women' s life and, in addition, it is temporary. Successfully tackling the preventable determinants reduces the prevalence of childhood overweight by 31.4%. This number is in line with data of a recent Canadian study where the preventable proportion of overweight was estimated to reach 40%. 12 In that study, additional social factors, such as neighborhood dwelling value, were included accounting for ∼10% of reduction. Accordingly, the data of Toschke et al 10 showed a decrease in the prevalence of overweight by 42.5% by preventing high TV time, high meal frequency, and low physical activity. In all those studies, reducing media time had the strongest effect. The impact of high media time is in line with previous results of Gortmaker et al, 11 showing that 60% of overweight in children was attributable to excess TV viewing time; however, that calculation was unadjusted for other determinants. In summary, preventive measures to reduce media time in children seem to have the largest impact on childhood overweight. However, it is tempting to speculate that the impact of a reduction of media time depends on the extent of media consumption in the whole population.
Compared with the international reference data, the joint AR for all determinants (model 1) was slightly higher when overweight was defined according to German reference data. However, the joint ARs of the preventable determinants were independent of the cutoffs used (model 2). In that analysis, a short sleep duration instead of breastfeeding reached significance. In both analyses, the ORs of these variables were marginally or even not significant and, thus, their impact on reducing overweight (partial AR: 2.8% for breastfeeding and 2.3% for sleep) was small.
The strengths of our study include the use of the currently largest German database Because of our large sample size and the huge numberofindependent variables (= determinants), there are considerable odds that some variables become significant by chance alone; however, in our pooleddatabase wehaveconfirmedmost of the proven determinants of overweight. 6, 34 By contrast, low physical activity and short sleep duration had no effect. This may be because of the limited precision of our questionnaires. Furthermore, pooling data were accompanied by coarsening of categories (eg, physical activity was dichotomized into yes or no). Therefore, the effect size of some determinants may be underestimated in our study. In addition, pubertal status was self-reported, which may be considered as inaccurate. Our data were contrary to other studies in which a low birth weight was associated with a higher risk of childhood overweight 35 ; in our analysis, low birth weight was protective against overweight (OR = 0.7 [95% CI: 0.6-0.9]). Finally, we did not include psychological factors or neighborhood characteristics as further determinants of childhood overweight. 
